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ABSTRACT
On October 26, 2017 Oxford County became the first municipality in Canada to deploy gasolineelectric hybrid ambulances as part of their Community Sustainability Plan aimed at reducing
greenhouse gas emissions and promoting low-carbon transportation. The Oxford solution
utilizes aftermarket hybrid electric-gasoline propulsion systems that leverage two primary
technologies: regenerative braking, which uses the inertia of the vehicle to store energy in a
battery cell during deceleration; and acceleration assist, which uses this stored energy to assist
propulsion of the vehicle during acceleration events and thereby reduces gasoline consumption
and carbon dioxide emissions. Due to high demand for aftermarket hybrid propulsion systems,
Oxford received three of their ambulances prior to the hybrid system installations. This created
an opportunity for a before-and-after study of the impact of the hybrid systems on the
performance of the three vehicles. The vehicles were run in three different operating theatres:
urban (low km/trip); rural (high km/trip); and mixed urban-rural (medium km/trip) both pre and
post hybrid installation to: calculate if a full return-on-investment is achievable over the useful
life of the asset; determine the hybrid’s impact on fuel consumption and CO2 emissions; assess
which operating scenarios produce the most environmentally impactful outcomes; calculate the
optimal price point for the hybrid systems; and generate a decision tool that would allow other
municipalities to assess which of their own operating environments would benefit most from
the implementation of hybrid technology. It was found that the hybrid propulsion systems
produced the greatest environmental and financial returns in urban (low km/trip) operating
theatres, and that depending upon the price of fuel, and repair and maintenance costs a 100%
return-on-investment may be achievable during the vehicle’s six-year service life.
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INTRODUCTION
Recent evolutions in technology have introduced several challenges for municipalities
regarding the political handling of environmental issues. Municipalities struggle to find a
balance between investing in emerging technologies in an effort to reduce their long-term
development costs and thereby encourage mass adoption, or allowing emerging markets to
develop before investing scarce tax payer dollars on technologies that may or may not reach
full maturity.
Oxford County in Ontario, Canada has elected to take a leadership role with respect to
environmental issues and emerging vehicle propulsion technologies. On October 26, 2017,
Oxford became the first municipality in Canada to deploy hybrid electric ambulances as part of
their Community Sustainability Plan aimed at reducing greenhouse gas emissions and
promoting low-carbon transportation. The Oxford solution utilizes hybrid gasoline-electric
propulsion systems that leverage two primary technologies, namely: regenerative braking,
which uses the inertia of the vehicle to store energy in a battery cell during deceleration, and
acceleration assist, which uses this stored energy to assist propulsion of the vehicle during
acceleration events and thereby reduces gasoline consumption and carbon dioxide emissions.
In 2019, due to high demand for aftermarket hybrid propulsion systems, Oxford County
received three of its ambulances prior to the installation of the hybrid systems. This created an
opportunity to study the impact of the hybrid systems on the performance of the three
ambulances both pre and post installation. Further, by controlling the conditions in which each
vehicle was operating this allowed us to attribute any environmental or financial changes in the
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performance of the vehicles to the introduction of our independent variable (the hybrid
propulsion systems).
Research Question
Since aftermarket hybrid technology is a relatively recent innovation, the financial
investment required for such technologies is considerable. The hybrid units tested in this study
were manufactured by XL Fleet and retail for approximately $28,000. Early adoption of green
fleet initiatives seeks to accomplish three primary objectives. First, governments seek to
provide manufacturers with revenue in an effort to decrease future manufacturing costs and
thereby encourage much broader adoption of the technology as the price of each subsequent
unit is reduced to the point of financial viability in the eyes of the consumer. Second,
municipalities are able to realize the immediate environmental benefits of their investment in
terms of reduced carbon dioxide emissions and fuel consumption. Third, resale of the vehicles
at the end of their service life continues to produce financial and environmental returns for the
new owner of the vehicles, and gives these owners the opportunity to gain exposure,
experience and familiarity with emerging technologies.
Recognizing these factors, this study seeks to evaluate whether the efficiencies inherent
in hybrid propulsion systems are great enough to offset the costs of such systems. The goal of
this study was to evaluate the financial and environmental viability of municipal hybrid
ambulance fleets in Ontario by calculating the return-on-investment (both financial and
environmental) of hybrid ambulance assets in Oxford County from 2017 to 2021, and to identify
under which operating conditions the greatest environmental and financial returns could be
realized.
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Terminology
This study will make extensive use of electric vehicle terminology and therefore it
should be noted that there are three basic types or classifications of electric vehicles: Battery
Electric Vehicles (BEVs), which rely solely on an onboard battery that powers electric motors to
propel the vehicle. These vehicles require electric energy to operate and therefore must be
connected to an electrical power source on occasion to restore the energy lost from the
batteries during use of the vehicle. Second, Hybrid Electric Vehicles (HEVs), which have a
battery and electric motor similar to BEVs, but also have an onboard gasoline or diesel powered
Internal Combustion Engine (ICE) that can used independently or in tandem with the electric
motor to either propel the vehicle when the electric batteries have been depleted, or to place
power back into to the battery cells while driving. This strategy decreases the need to stop and
charge the vehicle while simultaneously reducing fuel consumption and increasing the range of
the vehicle. Lastly, Plug-in Hybrid Electric Vehicles (PHEVs), which like their HEV counterparts
leverage battery cells and have both an onboard electric motor and an ICE, however the two
propulsion systems usually operate independent of one another allowing the operator to select
either ICE or battery propulsion but not both simultaneously. PHEVs typically don’t restore
energy to the electric battery cells while operating the ICE propulsion system which means the
vehicle must be connected to an electrical power source on occasion to charge the batteries
otherwise any added benefit of the electric batteries will remain unrealized, and in fact the
system could have adverse impacts on fuel economy and the environment due to the additional
weight the PHEV system adds to the mass of the vehicle.
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LITERATURE REVIEW
This study concerns three major areas of interest: the return on investment of HEVs;
the environmental impacts of implementing HEV technology; and understanding which
operating characteristics create the best environment for maximizing financial and
environmental returns from HEV propulsion systems. Although not the primary focus of this
study, the Oxford case also has implications on our understanding of policy innovation and
policy diffusion.
Policy Innovation, Policy Diffusion and the Case of Oxford County
Oxford County’s early adoption of hybrid electric propulsion technology is a somewhat
unique case. Policy innovation generally occurs when a government (municipal, provincial or
federal) introduces a new policy in response to political pressure surrounding a particular issue
(Shipan & Volden, 2008, 841). Once formed, this new policy can create pressures on other
governments to adopt similar policies in response to like issues within their own jurisdictions.
This spreading of innovation from one government to another is a process referred to as policy
diffusion (Shipan & Volden, 2008, 841). Much of the literature on policy diffusion speaks to two
primary types: vertical and horizontal. Vertical policy diffusion occurs when policies from one
level of government are adopted by other levels of government, and horizontal diffusion occurs
when governments at the same level emulate each other’s policy decisions (Shipan & Volden,
2008, 843). In a study on the diffusion of anti-smoking policies in the United States, Shipan and
Volden (2008) found that “larger cities are better able to learn from others, less susceptible to
economic competition, less likely to engage in imitation, and less vulnerable to coercion”
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(Shipan & Volden, 2008, 853). Similarly, they found that “the smallest cities in our dataset (with
50,000 residents)…imitate larger cities, learn somewhat from experiments of others, and worry
about the economic consequences of their laws” (Shipan & Volden, 2008).
The policy decisions of Oxford with regards to their early adoption of hybrid technology
are contrary to these findings. Since Oxford’s adoption of hybrid technology in 2017, several
other larger municipalities and provincial ambulance fleets have adopted the very same hybrid
technology, most notable Toronto Paramedic Service who intends to equip their entire fleet of
300+ vehicles. York Region has also deployed two hybrid units, and the province of British
Columbia has purchased ten units for study as well. According to Shipan and Volden (2008),
policy diffusion does not often start with smaller municipalities where the economic stakes of
decision making are much more amplified, and where imitation is often a much easier path
than innovation. For these reasons policy diffusion tends to be initiated by larger municipal
governments that are more insulated from these political consequences. In the case of Oxford,
both horizontal (Toronto, and York Region) and vertical (British Columbia) policy diffusion
occurred as a result of Oxford’s decision to implement hybrid electric propulsion for their
ambulance fleet. In the absence of environmental stewardship by the provincial and federal
governments with regards to providing significant financial incentives to municipalities for the
implementation of hybrid and electric vehicle programs, it could be that a policy vacuum has
been created leaving innovation-minded municipalities in Canada to solve the environmental
policy problem for themselves. Policy diffusion in the Oxford case may demonstrate
recognition in the municipal community that the current environmental consequences of
operating large fleet vehicles is a problem that warrants a political solution.
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However, as studied by Flynn (2002), similar policy diffusion occurred in Canada
surrounding the adoption of compressed natural gas (CNG) fuel systems in the mid 1980s.
Flynn noted three factors that impacted the initially high adoption rate of CNG, specifically: the
perception that natural gas was abundant in Canada and that global fossil fuel reserves were
rapidly diminishing; the belief that alternative fuel sources were a viable means of mitigating air
pollution, which was and remains a very topical issue; and the willingness of governments in
Canada at that time to engage in public spending (Flynn, 2002, 614). However, a dramatic
decrease in the price of oil in 1987 resulted in many municipalities and provincial governments
rethinking and repurposing their allocation of financial resources from CNG initiatives into
other projects perceived to have greater environmental or financial value. Consequently, many
of the major suppliers of CNG equipment and infrastructure exited the business making it much
more difficult for further policy diffusion and adoption to occur (Flynn, 2002, 613). In the
conclusion of his analysis, Flynn suggests that “public policy can be designed to support the
adoption of an alternate fuel. However, if the fuel is to be sold to end-users rather than forced
by mandate” commercial viability must be maintained through a combination of access,
infrastructure, and sustained profitability (Flynn, 2002, 618).
Public policy and policy diffusion surrounding hybrid fuel technology seems to be at a
similar crossroad in its evolution. Offsetting the cost of CNG, hybrid, or any other alternate
propulsion system via public policy and public subsidy can help encourage more widespread
and rapid adoption of technologies that are close to crossing the threshold of profitability,
however, sustained financial support and governmental endorsement alone are not enough to
guarantee survival. Flynn suggests that a more powerful approach is to ensure viability and
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longevity via market forces and profitability, which is an argument we will return to during our
analysis of the Oxford case.
Shipan and Volden (2008) also found that the likelihood of a city adopting a policy
decreases when the state preemptively implements policy that addresses the same issue
(Shipan & Volden, 2008, 849). Thus, if enough municipal and provincial governments adopt
green fleet initiatives focusing more on environmental outcomes than financial outcomes
perhaps this “snowball effect” will exert enough political pressure on the federal government to
ensure vertical policy diffusion via the adoption of federal environmental incentives for
provincial and municipal hybrid and electric propulsion for fleet vehicles. If further policy
diffusion occurs the Oxford case may create an excellent opportunity for future research on
policy innovation and diffusion from a municipal context.
Return on Investment and Technology Considerations
Return on Investment
Further to Flynn’s (2002) argument above regarding the necessity for a technology to
achieve commercial viability to ensure longevity, Return on Investment is a crucial metric for
municipalities primarily motivated by quantifying financial returns. Manufacturers can assure
widespread adoption of new technologies if 100% of their additional capital cost is recoverable
over the useful life of the asset. Thus, our study must address the question of whether it is
possible to recoup the cost of a hybrid propulsion system over the useful life of an ambulance.
To answer this question, it is first necessary to explore the two primary ways we can calculate
return on investment (ROI), which we will then use to determine the financial viability of
investing in hybrid technologies.
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Method one:

Method two:
𝑅𝑅𝑅𝑅𝑅𝑅 =

𝑅𝑅𝑅𝑅𝑅𝑅 =

Net Benefits of the Program
× 100%
Costs of the program

Final Value of Investment − Initial Value of Investment
× 100%
Cost of Investment

Foster (2017) suggests that we calculate ROI to determine the value of programs to an
organization by providing a financial summation of those contributions toward the achievement
of organizational goals (Foster, 2017, 61). In our case, the “Final value of Investment” will be
impacted by two factors. First, any savings that can be realized over the useful life of the asset
such as reductions in fuel consumption or repair and maintenance costs for the vehicle.
Second, the hybrid propulsion systems will have residual value that will be realized upon sale of
the ambulance asset at the end of its useful service life, therefore methodology two (defined
above) will provide us with the most meaningful financial assessment during our analysis.
In addition to ROI considerations, a few economic and operational factors impacted
Oxford County’s selection of HEV propulsion systems for their ambulances as opposed to other
solutions, like BEVs. The first was the availability of full electric solutions.
Battery Electric Vehicle (BEV) Ambulances
As of June 2021, there are currently no options for the purchase of an ambulance in
Ontario that operates on a full electric platform. Attempts have been made to retrofit existing
gasoline or diesel ambulances with aftermarket electric motors, but these projects often
involve expensive single unit studies intended primarily for scientific study and not cost
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recovery. No vehicle manufacturer currently certified for production of ambulances in Ontario
has BEV propulsion systems available for purchase (Crestline Coach, 2021; Demers, 2021).
Charging Infrastructure
A second factor to consider is charging infrastructure. Ambulances in Ontario operate
under a “closest to the call” dispatch model, meaning that the closest ambulance to an
emergency call is the one that is dispatched regardless of its jurisdiction. Due to operational
demand, Oxford County ambulances are often required to transport patients requiring
specialized medical care from hospitals in Oxford to hospitals in other jurisdictions, most
notable to the city of London. Due to the high emergency call volume in London, Oxford
vehicles engaged in inter-hospital transfers often get repeatedly dispatched to calls in London
before subsiding call volumes eventually allow them to be repatriated back to Oxford County.
For this reason, it is strategically important that ambulances have a means of quickly refueling
regardless of the jurisdiction they find themselves operating in. Due to the lack of readily
accessible electric charging infrastructure in all jurisdictions it was decided that non-plugin HEVs
would be a better option until such time as plug-in electric charging options were more widely
available.
In addition, charging infrastructure is expensive. Installing vehicle chargers at each of
Oxford’s seven ambulance stations would add considerably to the operating cost of the vehicles
especially when you consider that some stations have as many as six or seven garage bays that
house vehicles, all requiring their own charging systems. Also worthy of consideration is the
cost of hydro to charge the vehicles. Charging systems consume a considerable amount of
energy which translates into significant expense when you consider that in a 24/7 operation
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energy would be consumed during both peak and non-peak hours. Non-plugin HEVs generate
their power from the ICE, which is energy that would otherwise be lost during braking, so after
the initial financial outlay the systems are cheaper to maintain and operate.
Speed of Charging
The third factor was speed of charging. Carpenter et al. (2013) conducted a study on
the return on investment for taxi companies transitioning to electric vehicles. The study found
that one of the obstacles impacting widespread adoption of electric vehicles is the ability to
quickly charge them and thereby reduce operational downtime. One proposed solution to this
problem was to swap the battery packs of the vehicles at “switching stations” which involved
removing a discharged or consumed battery pack from a taxi and replacing it will a fully precharged battery pack to eliminate the time necessary to charge the onboard batteries and
thereby increase the ability of the vehicle to generate additional taxi fares. For ambulances
that frequently operate outside of their own municipal boundaries the viability of switching
stations diminishes considerably. Switching stations require a significant investment of
financial resources to procure chargers, additional battery packs, personnel, and real estate
which would all need to be factored into calculations of return on investment. In addition,
deciding on the proper locations for switching stations would be infeasible when the
emergency call locations occur across vast distances. Since Oxford’s plan was to convert its
ambulance fleet to electric alternatives through attrition at the end of each vehicle’s six-year
service life, significant investments in infrastructure were simply not financially viable since the
County operates only 14 ambulances on a replacement schedule of 2-3 units per year, meaning
that any first-year investments in infrastructure would not be fully realized until after a six-year
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period when all 14 of Oxford’s ambulances would be converted to the selected electric
propulsion system.
Therefore, in a move that made the most economic sense given the long-term plan to
gradually transition to HEVs, Oxford elected for non-plugin hybrid electric technology. This
decision formed the basis for Hypothesis 1 of the study, which was to test whether it is possible
for the municipality to achieve at minimum a full return-on-investment of the purchase cost of
the hybrid technology during the useful service life of the vehicle.
Driver Adaptation to Regenerative Braking
The fourth factor impacting Oxford’s choice of technologies was driver adaptation,
specifically with regards to regenerative braking. The concern here was that the Paramedics
operating the vehicles would not be able to adapt to new driving technology and the impact it
had on the way the vehicle operated. If the Paramedics felt the change in driving behaviour of
the vehicle hindered their ability to perform ambulance calls then they would reject the new
technology. Cocron et al. (2013) investigated several factors that impacted overall acceptance
of regenerative braking by drivers. Specifically, they examined skill acquisition (how fast the
user would adapt to regenerative braking), trust (trust of a system is necessary to achieve full
adoption), and ultimately acceptance of the new technology (Cocron, 2013, 1205). The study
found that drivers adapted quickly to regenerative braking, which was substantiated by a
significant decrease in traditional braking maneuvers (using the brake of the vehicle) and
instead allowing the regenerative braking system to decelerate the vehicle (Cocron, 2013,
1203). In the case of Oxford, HEVs were selected over PHEV units because they were deemed
to be the least invasive of the available technologies requiring almost no change in driver
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behaviour on the part of the Paramedic crews, and zero operational impact on the Paramedic
Service. Since Paramedics were not required to plug-in the vehicles, no changes to fueling
protocols were needed and no additional training was required. In addition, there was minimal
impact to the act of driving the vehicle due to prompt acclimatization and adaptation to the
regenerative braking technology.
Environmental Impacts and Operational Considerations
How Hybrid Electric Vehicles Function
Non-plugin HEVs function by utilizing two main components. The first is regenerative
braking. This technology allows energy captured during deceleration of the vehicle to be
stored into onboard batteries. In the absence of regenerative braking, the kinetic energy
created by the inertia of the vehicle would otherwise be absorbed by the vehicle’s brakes and
dissipated as heat. Over the span of repeated deceleration events, hybrid vehicles are able to
build up a charge of electrical energy that can then be used to assist with propulsion during
acceleration. This second main component is called acceleration assist and occurs when the
energy stored in the batteries is used concurrently with the onboard gasoline or diesel engine
to propel the vehicle forward (Miller, 2010, 92). By utilizing battery power to partially propel
the vehicle up to optimal operating speed the vehicle is able to consume less gasoline or diesel
which thereby results in fuel conservation.
From Theory to Hypotheses
This study employs a deductive approach to research by starting with the theory of how
hybrid ambulances function and leverages this understanding to develop two hypotheses,
which were then tested in a controlled environment to either confirm or disconfirm these

19
propositions. As such, our study examines the outputs generated by each vehicle pre and post
hybrid installation to test the following:
•

Hypothesis 1: Given the current price of aftermarket hybrid technology and the useful
life of ambulance assets in Oxford County, it is possible for the municipality to achieve at
minimum a full return-on-investment of the purchase cost of the hybrid technology
during the service life of the vehicle.

•

Hypothesis 2: By employing the hybrid technology in this study, municipal ambulance
fleets will realize maximal financial and environmental benefit if the vehicles are
operated in an urban (low km/trip) environment, as opposed to a rural (high km/trip), or
mixed (medium km/trip) environment.
Hypothesis 1 will be evaluated by using repair, maintenance, and fuel records to arrive

at a return-on-investment calculation for the HEV technology, while Hypothesis 2 will leverage
vehicle performance data to test for any differences in performance of the HEVs when placed in
each of the three proposed operating theatres.
Hypothesis 2 is grounded in the theoretical understanding that regenerative braking
requires multiple vehicle deceleration events (or “stops”) to build up enough kinetic energy in
the batteries so that that this energy can be utilized during acceleration events (or “starts”) to
reduce fuel consumption. Thus, by placing our hybrid ambulances in an environment with
more frequent starts and stops (which is represented by the urban environment in our study) it
is reasonable to hypothesize that municipal ambulance fleets could recognize a greater
financial and environmental benefit from this type of deployment than if the vehicles were
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placed in a rural environment where fewer vehicle stops and starts are an inherent
characteristic of the operating theatre.
Similarly, if we assume that the hybrid propulsion system efficiently facilitates the
storage and retrieval of energy for use during acceleration of the vehicle, it would seem to
logically follow that any propulsion realized from a source other than the onboard gasoline or
diesel engine would result in decreased fuel consumption and CO2 emissions unless the weight
of the hybrid system or the aerodynamics of the system negated any possible gains made
during acceleration assist. To test this assertion, our environmental analysis of Hypothesis 2
will include a comparison of fuel consumption and CO2 emissions for the HEV and gasoline
propulsion technologies. The question then becomes are the environmental benefits impactful
enough to encourage municipalities to invest in hybrid technologies even if the financial return
on investment does not allow for the full recuperation of the cost of the hybrid system over the
useful life of the asset; and when allocating scarce financial resources, is there a way for
municipalities to discern which operating environment would produce the greatest financial
and environmental returns on their investment dollars.

RESEARCH DESIGN
Case Study Selection
The research design for this study follows a very traditional positivist approach. The
study’s hypotheses were formulated based on a survey of theoretical literature that describes
how efficiencies are realized through the use of HEV propulsion systems. In our case, based on
current HEV technology we intend to test whether it is financially and environmentally feasible
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for municipalities to invest in HEV ambulance assets, although additional studies could be done
on other types of fleet vehicles by following a similar methodology. The study employs a classic
before-and-after design with the independent variable in this case being the installation of the
hybrid gasoline-electric propulsion systems. The Oxford case was selected because of the ease
of availability of vehicle data, and because there was a unique opportunity to control for a vast
number of variables by pre-selecting the operating parameters the vehicles would encounter
during the study. Similarly, as of the time of the study Oxford County was the only municipality
that had ambulances in operation that were earmarked for retrofit of the hybrid technology,
creating a scenario where any change in the performance of the vehicles could be directly
attributable to the hybrid system installation.
Early Iterations of the Study
Earlier attempts at an HEV case study were made in 2017 when Oxford received their
first two hybrid ambulances. The vehicles were the first HEV ambulances in Canada, which
meant that data comparison with other HEV ambulances would not be possible. At the time
much deliberation was made with regards to purchasing one of the ambulances with the hybrid
technology and another without so that the vehicles could be compared against one another to
assess the performance of the hybrid systems, but ultimately it was decided that purchasing
additional hybrid ambulances would align more closely with the municipality’s environmental
objectives of reducing greenhouse gas emissions, promoting low carbon transportation, and
realizing a 100% renewable energy target (Oxford, 2018).
Coincidentally, in 2017, General Motors also elected to discontinue production of its
diesel chassis, which at the time comprised 100% of Oxford’s ambulance fleet. This created
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additional challenges for the study because the new hybrid vehicles were equipped with
gasoline engines while the other vehicles in the fleet operated on the older diesel platform,
rendering any historical fleet data much less relevant as a comparison tool. With no suitable
internal comparators, effort was made to find similarly equipped non-hybrid ambulances
running in other jurisdictions, however these studies failed to adequately control for location,
operating parameters (rural versus urban environments), driver habits, weather and seasonal
conditions, data collection methodologies, etc.
To mitigate the challenges of the original case, this study introduced several controls to
increase the external validity, reliability of data, and replicability of the findings in other
jurisdictions.
Controls
In 2019, Oxford County purchased three ambulances which were all built to identical
specifications including:
•

Vehicle make

General Motors

•

Vehicle model

Chevy 3500 cutaway chassis

•

Vehicle year

2019

•

Ambulance manufacturer

Crestline Coach (Saskatoon, Saskatchewan)

•

Primary propulsion system

Gasoline

Each of the ambulances was intended to be equipped upon delivery with XL Fleet’s XLH
Hybrid Electric Drive System (XL Fleet, 2021). Due to high demand for aftermarket hybrid
electric propulsion systems, the ambulance manufacturer (Crestline Coach) was unable to
complete the retrofit of the units prior to delivery, thus Oxford County accepted initial delivery

23
of the ambulances without the hybrid units installed. After receiving the ambulances, the
decision was made to immediately deploy the units into operation until such time as the XL
hybrid units became available. This allowed for the collection of vehicle data which was
analyzed both pre and post installation of the hybrid propulsion systems.
“Pre” Installation (of Hybrid System) Phase
During this phase of the study, one of the three vehicles were deployed into each of the
following operating theatres:
•

Urban Deployment / Low km Environments (0-20 km/trip);

•

Mixed Urban-Rural Deployment – Medium km Environments (21-28 km/trip);
and

•

Rural Deployment – High km Environments – (29+ km/trip)

Urban Deployment
The Urban Deployment category represents ambulances that live most of their service
life in an urban setting, where the distances between the dispatch location, the emergency call
destination, and the receiving hospital is very short (0-20 km/trip on average). As noted above,
since regenerative braking and acceleration assist occur more frequently in urban operating
theatres it is hypothesized that such theatres will present the greatest opportunity for financial
and environment benefits created by the introduction of the hybrid technology.
Mixed Urban-Rural Deployment
The Mixed Urban-Rural Deployment category represents ambulances that are stationed
in areas where they respond to emergency calls in both rural and urban environments, thus
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vehicles in this category tend to have a mixed average response distance per call (21-28 km/trip
on average). In Oxford, ambulances that are dynamically deployed, which means that they are
not assigned to any particular station for any length of time, generally fit this deployment
category.
Rural Deployment
Similarly, the Rural Deployment category represents ambulances that live most of their
service life responding to calls in rural areas or spend time shuttling patients between hospitals
in different jurisdictions, and therefore these vehicles have the highest average response
distance per call (29+ km/trip on average).
Static versus Dynamic (or random) Deployment
There are two generally accepted methodologies for the placement and dispatch of
vehicles in an ambulance service. Some services choose static deployment, which means that
an ambulance is assigned to a specific station/location for its entire useful life. The only time
the vehicle would not reside at this station is when it is scheduled for maintenance or in need
of repairs. When this occurs, a spare vehicle is substituted in its place until such time as the
original vehicle can be returned to service at its pre-allocated station.
One of the strengths of this approach is that any data accumulated by the vehicle can be
directly attributed to the operating environment in which the vehicle resides (e.g. urban, rural,
or mixed). The disadvantage of this approach is that over the useful life of the vehicle factors
like mileage and wear-and-tear are vastly disparate across the fleet. For example, if we operate
two identical vehicles for 6-years of time (which approximates the useful life of an ambulance
asset in Oxford), and place one of them in an urban environment and another in a rural
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environment, at the end of each vehicle’s useful life you would have one vehicle (urban) that
has experienced low kilometres but requires replacement due to the wear-and-tear of frequent
stops and starts, and high engine idle times, and another vehicle (rural) that has experienced
high kilometres but is worn out due to excessive mileage. Thus, these two vehicles would
generate vastly different operating metrics over their useful life.
To resolve this issue, many paramedic services utilize dynamic (or random) deployment,
which involves rotating vehicles between various stations based on repair and maintenance
schedules. Each time a vehicle is required to leave service for repair or maintenance it is
replaced by another vehicle that remains in that location until it is also subsequently sent to the
shop for service. The advantage to this strategy is that the vehicle can generate data in
multiple environments (mixed), but it is often more difficult to determine a vehicle’s starting
location so that data can be attributed to either a rural or urban operating environment.
Oxford County’s fleet deployment strategy leverages dynamic assignment by default to
ensure all vehicles experience approximately the same wear-and-tear and reach approximately
the same number of kilometres over the usual life of the vehicle. However, to ensure more
accuracy and reliability in data collection, vehicles in our study were statically assigned to
specific stations for a minimum of two weeks before being moved to an alternate location. This
deployment strategy allowed us to study the impact of rural, mixed, and urban deployment on
the performance of each vehicle. Study periods that were below the two week threshold were
discarded to ensure the sample sizes were large enough to ensure reliability of the data.
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Station Locations and Operating Environments
Oxford County operates seven ambulance stations across its regional jurisdiction. Each
of these stations is responsible for providing emergency coverage to the surrounding vicinity.
The locations, number of stations, and typical operating environments are detailed below.
Location

Typical Operating Environment

Woodstock (2 stations)
Bysham Station

Urban (Low, 0-20 km/trip)

Mill St. Station

Urban (Low, 0-20 km/trip)

Ingersoll (1 station)

Mixed (Medium, 21-28 km/trip)

Norwich (1 station)

Mixed (Medium, 21-28 km/trip)

Tillsonburg (1 station)

Mixed (Medium, 21-28 km/trip)

Drumbo (1 station)

Rural (High, 29+ km/trip)

Zorra (1 station)

Rural (High, 29+ km/trip)

During the “pre” phase, one ambulance was deployed in Woodstock (Urban), one was
assigned randomly, and one was placed in the Drumbo (Rural) operating environment. This
data was used to establish a baseline to compare against after introducing our independent
variable, which was the installation of the hybrid propulsion systems. Data collection in the
“pre” phase was conducted primarily between November 2019 and May 2020, which strongly
predisposed the data to unforeseen seasonal effects that may have been present during the
winter and spring months. These potential seasonal impacts were given consideration during
data collection in the “post” phase.
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“Post” Installation (of Hybrid System) Phase
This phase of the study began immediately after the installation of the hybrid units,
which occurred between May and July of 2020, and continued until February 28, 2021, which is
approximately seven to nine months depending on the actual date of installation for each
vehicle.

OPERATIONALIZATION
Collection Methods and the Operationalization of Variables
Data for the study was collected by utilizing five main sources: Ambulance Call Reports
(ACRs) which are also known as Electronic Patient Care Records (ePCRs), Daily Vehicle Check
reports, fuel receipts, repair and maintenance records, and data from onboard telematics
systems.
Ambulance Call Reports / Electronic Patient Care Records
In Ontario, a legal record must be created and stored by the Paramedic Service that
documents the details of each emergency call generated by the 9-1-1 system for which an
ambulance was dispatched. In Oxford County these documents are created and stored in
electronic format in a software tool created by Interdev technologies called iMedic. The iMedic
software allows a Paramedic to capture each patient’s demographic information, protocols or
procedures that were performed, medication dosages, assessment scores, treatments
administered by the Paramedic, and any other relevant metrics for the patient call (Interdev,
2020). For the purposes of our study, a subset of the ACR data will provide us with the call
number, date of each call, the unit # of the ambulance dispatched to the call, the ambulance
station of origin (which identifies the starting location of the ambulance), and the time of day
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the call was received. For the purposes of maintaining anonymity, a fictitious sample of the
ACR data can be found in Appendix A. Each record captures the following data points:
Categorical variables:
•

Call number (unique identifier for each ambulance call)

•

Unit # (unique ambulance identifier)

•

Station (ambulance station of origin)

•

Study Period (units of analysis for the study)

Continuous variables:
•

Date of Call (YYYY-MM-DD)

•

Time of Call (HH:MM:SS)

Daily Vehicle Check Reports
At the beginning of each shift, which usually happens twice daily for each vehicle,
Paramedics in Oxford County conduct a Daily Vehicle Check Report to ensure that the vehicle,
equipment and medical supplies are all present, functioning correctly, stocked to the
appropriate levels, and ready to respond. These reports are captured electronically via an
online software tool. With regards to our study, a subset of the data in this report will allow us
to determine when vehicles change deployment locations, and the mileages for each vehicle at
a specific date and time. This data will be matched to the data collected from the ACRs (above)
to determine the distance travelled and the total number of calls that were completed by each
vehicle on each day. A sample of the Daily Vehicle Check Report can be found in Appendix B.
Each record in the report collects the following data points:
Categorical Variables
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•

Unit # (unique ambulance identifier)

•

Station (ambulance station of origin)

Continuous Variables
•

Date of Report (YYYY-MM-DD)

•

Odometer (vehicle mileage in KMs)

Fuel Receipts
Another primary source of data for our study will be fuel receipts, which will allow us to
quantify the amount of fuel dispensed into each vehicle. This data source will produce precise
information about how much fuel is consumed in each study period, allow us to analyze
variances in fuel costs during the study, and give us the ability to conduct fleet versus individual
vehicle comparisons. In addition, when matched to the ACR and Daily Vehicle Check Report
data, the fuel receipts will allow us to determine how much fuel was consumed by a certain
vehicle operating out of a specific location for a defined period of time, and how many
emergency calls were completed during that timeframe. Categorizing the fuel usage by
operating environment will also facilitate comparisons of the data in urban versus rural versus
mixed environments. Further, analyzing the fuel data both pre and post hybrid installation will
facilitate comparison of the performance of gasoline versus HEV propulsion technologies. A
sample of the fuel receipts data can be found in Appendix C. Fuel receipt data will allow us to
collect and analyze the following data points:
Categorical variables:
•

Unit # (unique ambulance identifier)

•

Station (ambulance station of origin)
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•

Fuel Type (gasoline = UNL, diesel = DSL)

Continuous variables:
•

Date (YYYY-MM-DD)

•

Cost / L ($)

•

Volume (L)

Resulting in the following derived calculations:
•

Total ($)

Repair and Maintenance Records
Oxford County tracks the expenses for each vehicle in its fleet. When repairs and
maintenance are completed, they are documented in the vehicle’s electronic data file. Repairs
are completed reactively on an ad hoc or as-needed basis, while maintenance is completed
proactively according to two thresholds: distance and duration. With regards to distance, each
time an ambulance travels a prescribed number of kilometres it is sent to the shop for a
preventative maintenance inspection. Inspections are intended to proactively identify potential
problems so that operational vehicle failures during emergency calls can be significantly limited
or eliminated entirely. For this reason emergency vehicles are intentionally over-maintained to
ensure that operational failures seldom occur. Therefore, duration is also used as a second
element to ensure adequate maintenance of vehicles. In the Oxford case, an ambulance is sent
to the shop every 90 days or every time the distance threshold is met. Whichever of these two
parameters occurs first defines the length of the maintenance cycle and results in the truck
receiving an inspection. Once the truck receives a preventative maintenance inspection the
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clock is then reset, and the vehicle will again return for maintenance after meeting the distance
threshold or after 90 days, whichever comes first.
For the purposes of our study, it is important to note that gasoline and diesel vehicles
are maintained on different mileage schedules, but gasoline and gasoline HEVs are maintained
on identical schedules. Gasoline-based propulsion systems are more expensive to maintain
than their diesel-based counterparts because the mileage threshold between maintenance
cycles is much lower. Analysis of repair and maintenance records for each vehicle will allow us
to determine if gasoline HEVs are more expensive to operate overall compared to non-HEV
gasoline vehicles or diesel vehicles. The records will also play an important role in determining
total operating costs for each ambulance, which will impact our return-on-investment
calculations (Hypothesis 1). A sample of the repair and maintenance data can be found in
Appendix D.
Repair and maintenance records could also be organized by service year of the vehicle
to determine the costs of operating each ambulance during each year of its service life. For
example, Unit X might cost:
•

$1,000 in repair and maintenance costs in year 1

•

$2,000 in year 2

•

$4,000 in year 3

•

$6,000 in year 4

•

$10,000 in year 5

•

$80,000 in year 6

•

For a total of: $103,000 repair and maintenance costs
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Based on the data above, a municipality may determine that a 5-year service life is
optimal in order to avoid the substantially higher costs of operating the vehicle in year 6.
Similarly, categorizing the data by service year will allow comparison between vehicles based
on propulsion systems (HEV, gasoline, and diesel), and comparisons between operating
theatres (rural, urban, and mixed) for the purposes of directly addressing Hypothesis 2, which
proposes that maximal environmental and financial benefits should be realized in an urban
rather than a rural or mixed operating environment.
Onboard Telematics Systems
Each ambulance in Oxford’s fleet is equipped with two onboard telematics systems. The
first system is manufactured by Ferno-Acetech and is comprised of an onboard hardware device
which leverages a cellular connection to transmit and receive data, and a software system that
allows for remote monitoring of vehicle placement and performance metrics in near real-time
(Ferno-Acetech, 2020-2). The system’s primary function is to provide GPS (Global Positioning
System) and AVL (Automatic Vehicle Locator) information that allows the Paramedic Service to
track the movement of all ambulances in the field by locating each vehicle on an electronic
map. The system functions much like the GPS in most modern cars, but it allows Supervisory,
Administrative, and Ambulance Dispatch personnel to view all vehicles simultaneously and in
near real-time from a remote location via an internet browser. The system also collects trip
information by using engine starts and stops to determine how far a vehicle has travelled on
each trip. For example, the system takes note of the starting street address of the vehicle when
the ignition is engaged, and it tracks vehicle metrics by date/time, location, and unit number
until the vehicle arrives at a destination and is subsequently turned off. Each pairing of one
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start and one stop of the vehicle is considered a “trip.” A series of trips collected together and
originating from the same ambulance station forms a “Study Period” (referred to below). For
the purposes of our study, the GPS/AVL data will only be used for triangulation purposes to
verify and validate the ACR data documented above. A single case (or “trip”) will involve the
collection of the following data points:
Categorical variables:
•

Unit # (unique ambulance identifier)

•

Start location (street address)

•

Stop location (street address)

Continuous variables:
•

Distance traveled (km)

•

Fuel consumption (litres)

Resulting in the following derived calculations:
•

km/trip, litres/trip, date of trip, duration of trip

The second telematics system installed in each ambulance is the XLlink system
manufactured by XL Fleet which comes standard with each aftermarket hybrid installation. This
system collects data on the performance of the hybrid system and is comprised of a hardware
module installed on the vehicle that is equipped with cellular communication technology, and
software to monitor performance (XL Fleet, 2020). This system is currently in development and
does not yet have an end-user interface, which makes remote monitoring and use of the data
cumbersome because the Paramedic Service must submit a request for data to XL Fleet, who
then collates the data into an electronic report. The reports are not produced in real-time and
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often take several business days to create, so for the purposes of our study this data will only
be used as a check-and-balance for the more readily available real-time data found in the
Ferno-Acetech system noted above.
Study Periods
Since static deployment was utilized throughout the study (see the “Static versus
Dynamic Deployment” section above), meaning ambulances were positioned at the same base
for a minimum of two weeks, aggregate data was derived by grouping ACR call data together by
ambulance station of origin to arrive at a demographic profile of the call volume for each
station over time. These collections of ambulance calls will be referred to as “Study Periods”
during our analysis, and will form the primary units of study for the report. A sample of the
Study Period data can be found in Appendix E.
Sample Selection and Statistical Analysis
It is important to note that this study does not make use of traditional inferential statistics as a
basis for analysis because the data in this case are not a subset of a larger population. Instead great
effort was made to ensure the data comprised the entire population under study rendering the need for
random sampling and inference unnecessary.

ANALYSIS AND DISCUSSION
Data Analysis
The basic premise of this study is to conduct a quantitative before-and-after analysis
and comparison of the vehicle data generated by the same ambulances both pre and post
installation of a hybrid propulsion system to test for the financial, operational, and
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environmental effects of that system on vehicle performance. High performance should
translate into cost savings and thereby increase the financial viability of hybrid installation.
Similarly, high performance should also produce positive environmental impacts like the
reduction of greenhouse gas emissions and fuel consumption. Finally, operational analysis
should allow us to determine under which operating conditions municipalities could receive the
greatest benefit by investment in hybrid technology. Thus, the object of study in our case is the
ambulances themselves, and our case selection strategy leverages the single case of Oxford’s
hybrid ambulance fleet to complete a before-and-after analysis of HEV propulsion systems.
Financial Metrics
Return on Investment (ROI) Analysis
At first glance, Table 1 appears to show that ambulance assets of any kind are a poor
investment for Oxford since all of them have an ROI of well over -100%. This is primarily due to
the fact that ambulances are not used to generate revenue in the traditional sense that they
would be in most other businesses and applications. Instead the initial outlay of capital for
each vehicle is consumed over the life of the asset in exchange for provision of emergency
services to the community. The value that a successful emergency call has on the lives of the
residents in the local community or of several thousand emergency calls over the life of a
vehicle is difficult to quantify financially. Therefore for the purposes of our analysis we will
assume that the first 100% of each ambulance’s value is exchanged for provision of ambulance
services, and the remaining percentage represents either a profit or loss between the Final
Value (or sale price) of the vehicle and repairs and maintenance costs incurred over the life of
the asset. Thus, a unit with an “ROI (%)” of greater than -100% (e.g. -98.5%) would represent a
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vehicle that has generated more revenue from its final sale than it cost for repairs and
maintenance over its useful life. Accordingly, we are seeking to explore whether a hybrid
vehicle costs more in repairs and maintenance than it generates in final sale value and fuel
savings in comparison to its non-hybrid counterparts. In addition to measuring overall or
absolute ROI for a vehicle, it is also important to compare ROIs across different vehicles or
vehicle types (diesel or hybrid) to determine if one specific vehicle outperforms another, or if
hybrid vehicles as a group outperform their conventional fuel counterparts even if neither
vehicle nor group reaches the “-100%” threshold.
Assumptions and Estimations
Oxford’s historic vehicle data was used to compile Table 1, which lists all of Oxford’s
recent ambulance assets and their corresponding returns on investment. It should be noted
that Table 1 includes several operational estimates and assumptions. The “Final Value” column
represents the sale price that was realized for each vehicle after its six-year service life. Values

37
highlighted in blue represent the Sale Price of vehicles which have either not yet been sold
(because they are still in-service), or for which the historic sale price was unknown.

Table 1 Return on Investment Calculations (including Repair and Maintenance costs)

For computational purposes, these vehicles have all been assigned a Sale Price of $8,000, which
is the approximate average sale price of the vehicles that did have historic sales records. In
addition, for the in-service vehicles we prorated the existing “Repair Cost” and “Maintenance
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Cost” records to make estimates about future expenses that have not yet occurred. These
estimates are represented in purple and were calculated using the following formulas:
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = �
� × 6 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 (𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎)
𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 𝑖𝑖𝑖𝑖 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
� × 6 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 (𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎)
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = �
𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 𝑖𝑖𝑖𝑖 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

It is important to note that variance in repair costs could be impacted by minor or major vehicle
collisions or driver errors resulting in significant unanticipated costs for a vehicle. Future
researchers may opt to exclude collision and accident costs from their calculations as they are
not repairs that are directly attributable to normal operation of a hybrid vehicle and are more
coincidental in nature.
Finally, the three hybrid “Study vehicles” (19-1001, 19-1005, and 19-1008) had virtually
no recorded repair records on file, so the values noted in green are an average of the Repair
Costs for the original four hybrid ambulances currently in the Oxford fleet (17-1095, 17-1194,
18-1096, and 18-1097) which have been in service much longer and therefore have generated
additional aggregate data to use in our calculations. For future iterations of the study
additional precision could be achieved by modeling existing historical data to predict the
trajectory of repair and maintenance costs over the life of the vehicle. This is particularly
important given that increases in operating costs are expected as a vehicle approaches the end
of its service life.
Similarly, since none of the Oxford’s hybrid ambulances have reached the end of their
useful service life, we also have no historical data we can utilize to assign a resale value to the
units. The manufacturer of the hybrid systems has indicated that due to small changes in
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chassis design from year to year it is often difficult to remove the hybrid units from an old
service vehicle and affix them to a new one. Therefore, for the purposes of our calculations we
will assume that the hybrid units will remain on the vehicles when they are sold at the end of
their 6-year service life, and will fetch a “Final Value” value of an additional $3,000, which is
approximately ten percent of their original purchase price. This will give each of these vehicles
a “Final Value” of $11,000 for the purposes of our ROI calculations.
Repair Costs
The very low ROIs demonstrated in Table 1 are indicative of the fact that almost all of
the vehicle’s initial value is lost during its service life, and the ROIs are further impacted by
expenses incurred to repair and maintain the vehicles while they are in service. In reference to
the “Aggregated Data” it should be noted that hybrid vehicles appear to be much cheaper to
operate then their non-hybrid counterparts. While this may turn out to be true, it is likely too
early in the vehicle’s service lives to make this determination definitively. As noted above, the
age of a vehicle is often the primary factor that impacts how much money will be spent on
vehicle repairs. Since many of the hybrid vehicles are near the beginning of their service lives
the repair costs may be skewed toward the low side, which would impact the overall ROI
calculation.
Maintenance Costs
Analysis of the “Maintenance Cost” seems to tell a completely different story. Here the
“Aggregated Data” suggests that maintenance costs are virtually identical. This makes sense
given that Provincial oversight requires that ambulance vehicles be maintained to a very strict
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and rigid preventative maintenance schedule. The rationale for this (as noted in “Repair and
Maintenance Records”, pg. 29) is to ensure that operational failures during emergency calls are
virtually eliminated by identifying potential failures preventatively. Thus, vehicles are sent to
the shop for preventative maintenance when they reach certain pre-defined kilometre and time
thresholds regardless of the actual condition of the vehicle. Since dynamic deployment ensures
that all ambulances reach approximately the same 350,000 kilometre threshold over their 6year service life, it logically follows that each vehicle should also receive approximately the
same amount of maintenance, which seems to be verified by our data.
The Impact of Time
Another important factor to consider is the passage of time. The first two digits of the
“Unit #” column in Table 1 represent the year the vehicle was manufactured. Thus, unit “091259” was manufactured in 2009. Since inflation is almost always associated with the passage
of time it would seem logical that we should see an increase, not a decrease, in the repair and
maintenance costs of the vehicles. This does not appear to be the case in the Oxford data. In
fact, the data seems to indicate that less money is being spent on repairs for the in-service
vehicles when compared to the retired vehicles. It is unclear if this reduction in cost is directly
attributable to the installation of the hybrid units, or if these changes are due to improvements
in chassis design and manufacturing over time. It could also be true that the data is further
highlighting the fact that the pro-rated repair costs for the in-service units do not include the
most expensive operating periods, which is the last few years of service where aging engines
and parts begin to fail. Interestingly, if we remove the repair and maintenance costs from the
ROI calculations (see Table 2) we can see virtually no differences in the ROIs between non-
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hybrid diesel vehicles and hybrid gasoline vehicles from 2009 to 2019. For future studies, a
longitudinal examination of costs over the entire service life of the vehicle would provide
additional insight.

Table 2 Return on Investment Calculations (excluding Repair and Maintenance costs)

Diesel versus Gasoline Propulsion
Prior to our discussion of fuel analysis, it should be noted that all of Oxford’s non-hybrid
ambulances utilize diesel propulsion systems, while all the hybrid units utilize gasoline
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propulsion. This makes fuel comparisons between the hybrid and non-hybrid groups difficult
because we are introducing another independent variable (diesel propulsion). Therefore, our
discussion of fuel metrics will be contained to the hybrid group only and will focus on
differences observed pre and post hybrid installation.
Fuel Consumption
Thus far our analysis of return on investment has analyzed differences between repair
and maintenance costs for hybrid and non-hybrid vehicles as a means of determining if the
initial capital cost of the hybrid units could be recouped over the useful life of the asset.
However, another important factor impacting ROI is fuel consumption. Fuel performance can
be demonstrated in a few ways. One way is to compare the percentage of fuel savings both pre
and post hybrid installation.

Table 3 Fuel Consumption Pre and Post Hybrid Installation
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Table 3 examines the performance of our three study vehicles grouped by station of origin
(“Station”). The “Station” indicates the ambulance station the vehicle was assigned to when
the call data was collected. Note that station assignment does not guarantee that all calls
completed from this station will be representative of their operating “Environment” (urban,
mixed or rural) in terms of their individual km/Call due to the “closest to the call” dispatching
model (see “Charging Infrastructure” on pg. 11), however when taken together as an aggregate
the average kilometres per call (“km/Call”) for each station does align with our pre-defined
environments (Urban 0-20 km/Call, Mixed 21-28 km/Call, and Rural 29+ km/Call). The single
exception to this is Tillsonburg station, where the pre installation km/Call (19.48) is slightly
below the 21-28 km/Call threshold to place it in the “Mixed” category, but the post installation
data (23.78 km/Cal), which has a much larger sample size of 699, provides the rationale as to
why we have placed it in this category.
With the exception of Mill Station, all of the stations show a decrease in fuel
consumption post hybrid installation, with an average improvement of 8.07% for all stations
combined. For future studies it would be beneficial to run the vehicles for a longer duration in
both the pre installation phase to reduce possible variation in the data caused by factors such
as the “closest to the call” dispatching model. In addition, Table 3 demonstrates that no pre
installation data was collected for either Ingersoll or Zorra stations, however I’ve included the
post installation data for these stations to test for any observable differences between them
and other stations in their environmental grouping (urban, mixed or rural), and as it turns out
Ingersoll seems to be showing a much greater litres per km (“l/km”) at 0.2748 than the other
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stations in the mixed “Environment.” Similar to the Mill Station performance data, this will
need to be explored in future studies to determine the cause for this anomaly.
Payback Intervals (by Station) and the Hyper-variability of Fuel Prices
Fuel calculations in this study appear to be impacted by numerous factors beyond
scientific control. In the same way that repair and maintenance costs can be impacted by
inflation or other market forces over time, the same can also be said of fuel prices. In fact, the
volatility of Oxford’s fuel records before and during the current COVID-19 global pandemic
show fuel purchases for as low as $0.60/litre in April of 2020 (near the beginning of pandemic),
and as high as $1.38/litre in May of 2018 (pre-pandemic). This means that over the course of
our study period any calculations involving the price of fuel could be skewed significantly
depending upon when those metrics were taken. To illustrate the impact of this variability we
will examine three scenarios utilizing different fuel prices observed throughout the course of
our study period. Table 4 represents our lowest recorded fuel price ($0.60/litre), Table 6
represents our highest recorded fuel price ($1.38/litre), and Table 5 shows the midpoint
between our lowest and highest values ($0.99/litre). Tables 4, 5 and 6 leverage our repair and
maintenance data and combine it with fuel pricing to arrive at a “Payback Time” in years.
Payback Time represents the amount of time the vehicle would need to be operated in
order to achieve a 100% ROI of the initial capital cost of the hybrid system, which is $28,000 per
unit. Note that Payback Time calculations do not include the initial capital cost of the vehicle
itself. Consideration of this data can be found in Tables 1 and 2 above.
If we examine the Bysham Station record in Table 4, the “Payback Time” of 4.84 years
indicates the number of years required to recoup the $28,000 investment if the vehicle was run
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solely at Bysham Station for its entire useful life. It should be noted that each of the tables
assumes a useful life of six years, and that each ambulance asset would travel 350,000 km in
that time, which is the approximate average lifetime kilometres of a vehicle in Oxford. In
addition, it warrants consideration that if a vehicle was run solely in an urban environment for
the entire six year period it is unlikely that the vehicle would reach 350,000 km due to the much
lower average km/Call for urban stations (see Table 3), and the impact of additional stops and
starts on the repair costs of the vehicle remain unclear due to the short data collection period
of our study.
If we examine the Payback Time for all the stations (represented by the “Total” line in
each table) and compare them across Tables 4-6 we can see that as we increase the price of
fuel the Payback Time to recoup our initial investment decreases for all stations with the
exception of Mill Station, which is actually increasing. This is due to the negative return on fuel
consumption for vehicles operating at Mill Station. This anomaly will require further study to
determine if there are characteristics inherent in the operating environment, the vehicles, or
another unanticipated variable accounting for this effect.
Payback Time (years) =

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑜𝑜𝑜𝑜 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 − 𝐸𝐸𝐸𝐸𝐸𝐸. 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 ($)
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 ($)

Table 4 Payback Analysis - Fuel Price $0.60/litre
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Table 5 Payback Analysis - Fuel Price $0.99/litre

Table 6 Payback Analysis - Fuel Price $1.38/litre

Results for Hypothesis 1
•

Hypothesis 1: Given the current price of aftermarket hybrid technology and the
useful life of ambulance assets in Oxford County, it is possible for the
municipality to achieve at minimum a full return-on-investment of the purchase
cost of the hybrid technology during the service life of the vehicle.

Based on the above analysis we can see that a Payback Time of 6 years or less is not
quite achievable for the Oxford fleet over the useful life of the ambulance assets, even if the
price of fuel remains at its highest point during the study ($1.38/litre). Table 6 shows us that
the average of the three vehicles, which is represented by the “Total (with fuel price of
$1.38/l)” record, has a “Payback Time” of 6.11 years, which is slightly higher than our 6 year
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useful life. However if fuel prices were to increase slightly it may be possible to recoup 100% of
the initial cost of the hybrid units provided our repair and maintenance data hold steady and do
not increase during the final years of service of the ambulances. Similarly, if the vehicles are
run primarily in rural “environments” the payback interval would increase significantly, with
Drumbo Station exhibiting a “Payback Time” of 7.41 years compared to the much lower 2.86
years that could be realized by running a vehicle solely at Bysham Station.
Flynn’s Analysis of CNG and its Implications for Hybrid Vehicles in a Volatile Market
Flynn’s analysis (see “Policy Innovation, Policy Diffusion and the Case of Oxford County”
section) demonstrated that public policy alone was not sufficient to guarantee the success of
CNG as an alternative fuel system in the 1980s when volatile market forces resulted in the
dramatic decrease of oil prices rendering investments in CNG infrastructure and propulsion
infeasible (Flynn, 2002, 614). There may be a lesson here that warrants consideration when
applied to our study. Flynn’s argument that alternative fuel sources must be financially viable
and sustainable without intervening public policy supporting their adoption may have direct
implications on the payback analysis of Oxford’s fuel data. As our analysis of the Oxford case
suggests, fuel pricing may be the single largest variable that ultimately determines the financial
viability of investment in hybrid propulsion systems. The question remains whether Oxford’s
investment in hybrid technology and the resulting policy diffusion to other larger jurisdictions
will be enough to offset the average cost per unit of hybrid systems rendering them more
resistant to volatile market forces and hypervariable oil prices. An analysis of the optimal price
point of hybrid propulsion systems may provide additional insight into whether hybrid systems
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are indeed approaching the thresholds of profitability and market sustainability even in the
absence of supporting public policy.
Optimal Price Point for Hybrid Technology
Determining the optimal price point for hybrid technology is an important endeavour. If
customers are able to recoup 100% of the initial capital cost of the hybrid technology over the
useful life of the asset the manufacturer could assure widespread adoption of the technology
for municipalities solely motivated by financial metrics. Leveraging the payback intervals
calculated above, we can determine the optimal price point the hybrid systems would need to
reach in order to accommodate this 100% return. To make this information more meaningful,
Table 7 calculates the “Lifetime Profit/Loss” and “Optimal Price Point” relative to both the
“Station” of origin and the price of fuel. Similar to Tables 4-6, Table 7 assumes a price per
hybrid unit of $28,000, and an estimated salvage value per hybrid unit of $3,000. In addition,
our “Total Annual Savings ($)” are derived from the savings on repairs and maintenance, and
fuel calculated in Tables 4-6.
Analysis of the data shows us that with a fuel price of $1.38/litre the Optimal Price Point
of the hybrid systems would only need to be reduced to $27,558.95 from $28,000 to ensure a
breakeven proposition for Oxford’s investment. Again, it is important to highlight that “Total
Annual Savings ($)” are estimates as no repair, maintenance or fuel data has been collected for
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the remaining years of service for the vehicles, however additional longitudinal analysis will
produce the data necessary to improve the reliability of the final calculations.

Table 7 Optimal Price Point Analysis

Deployment Considerations for Participating Municipalities
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Another important observation is that with the exception of Mill Station which is a
significant anomaly in our study, rural stations produce the greatest amount of Lifetime Loss,
requiring the price of the hybrid units to be substantially reduced (from the original
$28,000/unit) to compensate for reduced “Total Annual Savings ($)” over the life of the vehicle.
Thus, Paramedic Services looking to deploy hybrid technology should ensure their operating
“Environments” are more representative of the mixed or urban operating theatres in our study
in order facilitate the greatest opportunity for profitability, or leverage their own operating
data to calculate and negotiate a more aggressive price from their respective hybrid vendor.
Table 7 also highlights the impact of hypervariable fuel prices and the significant role they play
in profitability calculations. As fossil fuel prices continue to climb due to increased scarcity and
inflation so too will the profitability and financial viability of hybrid vehicle implementations.
Operational Metrics
•

Hypothesis 2: By employing the hybrid technology in this study, municipal ambulance
fleets will realize maximal financial and environmental benefit if the vehicles are
operated in an urban (low km/trip) environment, as opposed to a rural (high km/trip), or
mixed (medium km/trip) environment.
Hypothesis 2 in our study posits the argument that municipal ambulance fleets will

realize maximal financial and environmental benefits by prioritizing the placement of vehicles
into urban (low km/trip) environments. This hypothesis is grounded in the theoretical
understanding that more vehicle “stops” (via regenerative braking) and more vehicle “starts”
(via acceleration assist) will allow the hybrid unit to be utilized to greater effect which should
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translate into greater environmental and financial benefits, and the operating theatre most
conducive to additional starts and stops is in an urban (low km/trip) setting. This argument has
implications for municipalities that have a limited amount of financial resources to dedicate to
hybrid propulsion. Municipalities seeking to maximize return on investment should be able to
compare their own operational data to the operational theatres in the study (urban, rural, or
mixed) to prioritize which ambulances in their own fleets would benefit most from hybrid
system installations. By publishing the results of the Oxford study it is our hope that additional
future studies will add to the collective data store and create ever more meaningful range
categories (measured in km/trip) for comparison by interested municipalities across Canada.
Results for Hypothesis 2
With regards to hypothesis 2, we have already examined the aggregate operational
performance for the three hybrid ambulances when placed in urban, rural, and mixed
environments, but examining the data for each truck may provide additional insights into the
performance of each individual unit. Similar to Table 3, Tables 8-10 show the pre and post
hybrid installation performance for units 1001, 1005, and 1008. If we compare Table 8 to
Tables 9 and 10, we can see that Unit 1001 vastly underperformed relative to the other two
units with only a 2.66% overall improvement in fuel consumption compared to 10.50% and
13.63% respectively for units 1005 and 1008. An examination of the pre installation data for
1001 also shows that this unit was run solely at the Mill Station, which provides us with very
little insight as to how the vehicle has either increased or decreased in performance at the
other stations. Extending the pre installation study period in future studies and increasing the
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total number of study periods collected at all stations would generate the data necessary for a
much more holistic and comprehensive analysis. Further examination is also required to
determine why unit 1001’s performance actually decreased post installation at Mill Station
which is contrary to hypothesis 2 that predicts improved performance in urban environments.
Unit 1001 also shows far better pre installation performance in an urban setting than either
unit 1005 or unit 1008, indicating that there may be something specific to this vehicle that is
impacting its individual performance metrics.

Table 8 Fuel Consumption Pre and Post Hybrid Installation - Unit 1001

Tables 9 and 10 with their larger data sets both pre and post installation demonstrate
results much more in alignment with hypothesis 2. Here we can see that vehicles run in a rural
environment have the best performance in terms of lowest litres per km followed by mixed and
then urban environments. As predicted, Table 9 shows us that unit 1005 experienced improved
performance in all environments but produced the greatest benefit when operating in an urban
setting. Unit 1008 (Table 10) also underperformed at Mill Station post installation but exhibited
predicted behaviour in terms of litres per km, which was higher in urban centres than in rural
settings. Similarly, unit 1008 had better fuel consumption at Tillsonburg Station (21.66%
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improvement) than at Norwich Station (14.79% improvement) and a lower km/Call of 22.34
compared to Norwich Station at 33.54, which is consistent with our prediction that
environments with lower km/Call (urban environments) should allow for more opportunities to
leverage the hybrid technology (more stops and starts) and result in increased fuel economy.

Table 9 Fuel Consumption Pre and Post Hybrid Installation - Unit 1005

Table 10 Fuel Consumption Pre and Post Hybrid Installation - Unit 1008
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Table 11 shows the aggregate pre and post installation fuel consumption for each
vehicle. It should be noted that in all three cases the average “km/Call” increased post hybrid
installation, which should result in improved fuel economy regardless of the presence of a
hybrid system. Therefore it is difficult to quantify how much of the increases in performance
are due to operating environment (in this case an increase in average “km/Call”) and how much
are attributable to the hybrid system installations. However, in the case of unit 1005 we see a
10.50% increase with only a 0.45 increase in average km/Call (24.62 compared to 24.17), which
allows us to conclude that much of the performance increase in this particular case is
attributable to the installation of the hybrid propulsion system.

Table 11 Fuel Consumption Pre and Post Hybrid Installation - All Vehicles

It should also be noted that Table 11 highlights the much smaller data sets collected pre
installation relative to post installation. Longitudinal studies that examine the performance of
the vehicles over their entire lifecycle may provide greater insight into the performance of the
vehicles, however vehicle performance and repair and maintenance data are adversely
impacted by engine hours and kilometres travelled and therefore natural decreases in engine
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performance and natural increases in repair and maintenance costs should be expected as the
vehicle moves closer to its retirement date.
Another important observation with regards to the aggregate vehicle performance data
(Table 11) is that it demonstrates that performance of the hybrid systems improve as we
increase the total km/Call of the operating environment. This observation is completely
contrary to our prediction in hypothesis 2, however it should be noted that unit 1008 had a
much lower average km/Call per installation (20.21 km/Call) than post installation (24.71
km/Call) which may attribute for some of the noted performance improvement over unit 1005,
which had a very small difference in average km/Call pre installation (24.17) versus post
installation (24.62).
Payback Intervals (by Vehicle)
Table 12 performs the same payback analysis examined in Tables 4-6, but instead of
analyzing the data by station the table examines the data by unit number. Consistent with our
payback analysis by station, we notice that the Payback Time (in years) is less than six,
indicating that it would be possible for Oxford to recoup their initial investment during the six
year service life of the vehicle provided the price of fuel remains high enough to compensate
for the difference. However, Table 12 also highlights the unpredicted result that the vehicle
with the highest overall km/Call has the lowest payback interval. Further replication of this
study will be necessary to either verify or refute this finding or to determine unique
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characteristics about the vehicles or their operating environments that are either positively or
negatively impacting performance.

Table 12 Payback Analysis (by Vehicle)

Environmental Metrics
Hypothesis 2 also speaks to maximizing the environmental benefits of the vehicles. The
primary metric used to assess environmental impact for vehicles is CO2 emissions.
CO2 Emissions
Regardless of the financial costs associated with operating hybrid ambulances, some
municipalities may determine that the environmental cost of ignoring such technologies is
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simply too high. Therefore a comprehensive and responsible analysis of hybrid propulsion
systems needs to include discussion about such environmental impacts.
The United States Environmental Protection Agency (US-EPA) measures greenhouse gas
emissions in carbon dioxide equivalent units (CO2e). Burning a gallon of unleaded automobile
fuel emits 8.78 kgs C02e or (2.32 kgs CO2e/litre) (US-EPA, 2020). Table 13 shows us the same
fuel consumption data both pre and post installation from Table 3, but leverages this
information to produce an “Environmental Analysis” table that demonstrates the Annual and
Lifetime CO2 reduction (measured in kg CO2) for the hybrid vehicles. The table estimates the
Annual and Lifetime CO2 reduction (measured in kg CO2) for the hybrid vehicles if they were run
at each of the respective stations for 350,000 km (which is the average kilometres traveled by
an Oxford ambulance over its six year useful life). Thus, a single hybrid ambulance run at
Bysham Station for 350,000 km would produce 64,087.08 kg CO2 less than the same ambulance
with no hybrid system installed. As predicted, with the exception of Mill Station, the urban
station (Bysham) produced the greatest estimated CO2 reductions followed by the “Mixed”
stations and then the “Rural” station respectively. This finding is in alignment with hypothesis 2
that predicts the greatest environmental returns will be realized by hybrid ambulances
operating in urban settings. As stated above, additional study will be required to determine
why Mill Station vastly underperformed relative to Bysham Station when both stations are
located in the same city (Woodstock) and therefore operate primarily in the same urban
environment.
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Table 13 Environmental Analysis (CO2Emissions)

CONSIDERATIONS FOR FUTURE RESEARCH
Challenges
One of the goals of this study was to produce a data set that could be leveraged by
interested municipalities to better understand how hybrid ambulance assets might function in
their own municipal jurisdictions especially if they shared similar operating parameters with the
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stations and ambulances in the Oxford study. However, several lessons were learned during
this study that could be leveraged by future researchers when conducting similar hybrid
ambulance studies or any studies involving the performance of vehicle assets in a municipal
setting.
Incomplete Fuel Records and Alignment of Fuel Records with Study Periods
Incomplete fuel records meant that some of the Study Periods had to be dropped from
the study because we couldn’t properly attribute fuel consumption to specific vehicles at
specific dates and times. In addition, Paramedic crews don’t always fuel when it is most
convenient to researchers. Instead they respond to operational demand for gasoline. Since the
fueling events did not always coincide perfectly with the start and stop of the study periods, I
would recommend that future researchers attempt to fuel the vehicles immediately before
moving them to a new study area. This allows the researcher to attribute any fuel consumed to
the old operating theatre and resets the fuel tank to ensure improved data collection for the
new operating environment.
Ensuring that Ambulances Remain in their Assigned Operating Environments
As noted above, Ambulances in Ontario operate under a “closest to the call” dispatch
model, meaning that the closest ambulance to an emergency call is the one that is dispatched
regardless of its municipal jurisdiction. Due to operational demand, Oxford County ambulances
are often required to transport patients requiring specialized medical care from hospitals in
Oxford to hospitals in other jurisdictions. Since urban centres experience much higher call
volumes than rural centres, transfer vehicles are frequently dispatched to calls in these
neighbouring urban environments until subsiding call volumes eventually allow them to be
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repatriated back to Oxford County. While this effect cannot be completely mitigated, it should
be recognized as a factor that could skew smaller sample sizes by adversely impacting average
“km/Call” data.
Temperamental Hybrid Systems (% Uptime)
Through our analysis of the hybrid systems we learned that sometimes they disengage
by design. For example, if a warning light on the vehicle is “on” the system will disengage to
protect the onboard hybrid unit, the battery, and potential the vehicle’s occupants. Obviously,
the more the hybrid systems disengage the greater the impact on study results, therefore
learning more about the potential causes and mitigation strategies for disengagements is an
important consideration for future research. It should be noted that “% Uptime” was not taken
into consideration for this study, but identifying a reliable means of collecting this information
and utilizing it during analysis of the study period data would produce much more meaningful
results for future studies.
Vehicle Downtime
Vehicle failures adversely impact data collection, which can have significantly impact on
studies that are shorter in duration. When designing future studies, I recommend much longer
data collection periods both pre and post installation to ensure adequately sized samples for
analysis.
Changes in Tire Characteristics
Due to constant wear and tear ambulances often require new tires which can
sometimes come with different tread patterns (especially when switching from summer to
winter tires). Tire performance can vastly impact fuel economy. In addition, varying tire

61
pressures, and uneven tire wear due to misalignment can also negatively impact vehicle
performance and skew data collection. Future studies should consider utilizing a reliable allseason tire to ensure consistency of data collection throughout the year.
Variation in Driving Habits of Paramedics
Paramedics, and others that regularly operate vehicles, have vastly different driving
styles. Some are aggressive and others are more passive. Longer sample periods can help
mitigate the effects of varied driving styles. In addition, behavioural modifications systems can
be employed to provide the driver with real-time auditory or visual feedback when they are
operating their vehicle outside of safe and optimal driving parameters (e.g. high engine RPMs,
excessive g-forces while cornering, excessive speeds, aggressive braking and acceleration, etc.)
(Ferno-Acetech, 2020-1; PRAN Systems, 2020, 5). Utilizing such a system may result in more
uniformity of driver behaviour and therefore may result in less variation between drivers.
Similarly, random assignment of personnel to vehicles may also help mitigate the impact of
individual driving styles, although this may not be feasible in paramedic services that do not use
a central deployment model or that have vast distances between their ambulance stations
rendering random assignment somewhat unwieldy for day-to-day use. In Oxford,
approximately 40% of the workforce is comprised of part-time team members, and these staff
are randomly assigned to stations and vehicles.
Weather conditions
Snow and rain create additional resistance for the tires when rotating, which adversely
impacts fuel economy. In future studies, effort could be made to control for the time of year
that the data is collected or give consideration for precipitation levels during data analysis.
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It should be noted that the post installation phase contained a mix of driving conditions.
In comparison, the pre installation phase was approximately six months in length and contained
only winter and spring driving conditions. Therefore it is possible that data from the “pre”
phase may have been impacted by seasonal weather conditions, winter fuel additives, seasonal
temperature ranges, excessive engine idle times to maintain the temperature of the vehicle, or
snowfall and other precipitation events creating additional resistance for the wheels to displace
during winter driving. While it was outside of the scope of this study to compare weather
patterns and snowfall ratings to determine their impact on vehicle performance, it is something
that could be considered for future iterations of similarly structured studies as regional data is
available for download from Environment Canada (Environment Canada, 2020).
Small Sample Sizes
Ideally studies of this nature are best served by collecting data over the entire useful life
of the vehicle asset. For this study it would have been much more ideal to study the vehicles
for at least a year in both their pre and post installation periods to mitigate seasonal effects and
to generate far more data points for each operating environment.
Weight of Hybrid Units
Installation of the hybrid units did add some additional weight to the vehicles, which
likely impacted overall fuel economy as heavier vehicles require more energy to attain the same
speed thresholds as their lighter counterparts. The manufacturer suggests that the hybrid units
weigh approximately 385 lbs., and the gross vehicle weight ratings of the vehicles were
adjusted to reflect this added weight, however no consideration of additional weight was given
in the analysis of the vehicle data.
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Future Research Opportunities
Recently XL Hybrids introduced a new plug-in hybrid propulsion system. Managers of
municipal ambulance fleets may want to consider concurrent testing of one hybrid ambulance,
one plug-in hybrid, and one non-hybrid ambulance, keeping all other attributes of the vehicles
identical (e.g. make, model, year of manufacture, etc.), then deploying each of the vehicles in
the three operating environments and measuring the results. This would help mitigate
seasonal effects, driving habits, tire characteristics, and other factors because the vehicles
would all be operating in identical environments at the same time. In addition, collecting data
for the entire six year useful life of the vehicle would allow us to learn more about changes in
repair and maintenance costs and fuel economy as the vehicle ages.
Implications for Other Paramedic Services and Municipal Fleet Managers
It is my hope that other Paramedics Services and municipal fleet managers will use the
findings of this study and the methodology described to develop their own green fleet
programs and initiatives. I feel strongly that one of the roles of government is to provide
leadership, which in this study takes the form of balancing fiscal responsibility with
environmental benefit. Early adopters of technology recognize that they are investing in new
ways of thinking and sometimes these technological solutions will not produce the fiscal or
environmental outcomes desired. I applaud Oxford County for addressing environmental
concerns by examining not only initiatives that produce a 100% return on investment, but also
those that in the words of Tesla, will “accelerate the world’s transition to sustainable energy”
(Tesla, 2021).
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CONCLUSION
Oxford County’s mission to reduce greenhouse gas emissions and promote low-carbon
transportation has led to the development and introduction of hybrid propulsion systems for
ambulances in Canada. Since the introduction of the Oxford prototypes in 2017, several larger
municipalities and provincial ambulance fleets have deployed the same hybrid systems in their
own fleets addressing a need for more environmentally conscious options for municipal
ambulance vehicles. This study demonstrates that given the current price of aftermarket hybrid
technology and the useful life of ambulance assets in Oxford County it is possible to achieve a
full return on investment of the original purchase cost of the hybrid systems provided the price
of fuel remains high and the cost of repairs and maintenance for the vehicles does not increase
substantially as the units approach the end of their six year operational service life.
Further, the study highlights that urban environments (which introduce more stops and
starts for the vehicles) provide the greatest opportunities for leveraging acceleration assist and
regenerative breaking resulting in the achievement of maximal financial and environmental
outcomes versus mixed or rural operating environments. The study also discusses the optimal
price point for hybrid technology and demonstrates that the hyper-variability of fuel prices
often determines whether hybrid technologies are financially viable or need to be priced more
aggressively. Finally, the study seeks to provide insight into the data collection process and
transparency in the operational findings so that future studies can improve upon the
methodology and interested municipalities can make better predictions about the viability of
hybrid deployment for their own municipal ambulance fleets.
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Since the introduction of the hybrid ambulances in 2017, Oxford has extended their
green fleet initiatives by exploring the viability of numerous alternative propulsion technologies
for municipal fleet vehicles, including: bio-diesel; renewable diesel; Battery Electric Vehicles
(BEVs); Hybrid Electric Vehicles (HEVs); Plug-in Hybrid Electric Vehicles (PHEVs); Compressed
Natural Gas (CNGs); and hydrogen fuel cells. Oxford has also expanded the scope of their
initiatives by exploring the environmental and financial impact of alternative propulsion
technologies for different vehicle classes, such as: pickup trucks; cars; SUVs; cargo vans; heavy
duty trucks; snow plows; ambulances; and bulldozers.
The case of Oxford County demonstrates that impactful policy diffusion and leadership
on environmental issues can be addressed by innovative and entrepreneurial local governments
even in the absence of provincial and federal policy, and that the introduction of even a few
hybrid ambulances may be enough to “accelerate the world’s transition to sustainable energy”
(Tesla, 2021).
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APPENDIX A – ACR Data (Sample)
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APPENDIX B – Daily Vehicle Check Report Data (Sample)
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APPENDIX C – Fuel Receipts Data (Sample)
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APPENDIX D – Repair and Maintenance Data (Sample)
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APPENDIX E – Study Period Data (Sample)

